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Abstract
New method to measure a neutron electric charge is described. The main idea is to use SESANS technique, which provides a
spacial splitting of neutron onto two eigenstates with diﬀerent projection of spin on magnetic ﬁeld. After passing through working
area with applied uniform electric ﬁeld E these two eigenstates are coupled back. Therefore, the phase of interference pattern,
i.e. azimuthal spin direction, is deﬁned by phase diﬀerence of two neutron eigenstates accumulated in the working area. This
phase will be determined by the nonzero neutron electric charge. Preliminary estimations demonstrate that using this technique
can improve the current constrain on neutron electric charge at least on one order of magnitude.
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1. Introduction
Electroneutrality of the free neutron is commonly accepted. Modern experimental constrain is lying on the level
qn < 10−21e [1]. But the zero neutron electric charge is not a request of Standard Model containing an abelian U(1)Y
gauge symmetry, even after taking into account quantum anomaly cancellations [2]. Majorana masses of the neutrinos
and, of course, a nonabelian gauge group of grand uniﬁcation support charge neutrality of atoms and neutrons, but
there remain problems [3].
Overall, only a few hints exist for physics beyond the Standard Model, and the neutrality of neutrons [1] and of
atoms [4], both of order 10−21e, is such a hint, since in the SM this would require an incredible ﬁne-tuning. Some
models beyond the SM that violate boson - lepton ( B- L) symmetry could accommodate a nonzero neutron charge
qn = ε(B − L)  0, too, with the interesting signature that the charge of the hydrogen atom (which has B = L ) would
remain zero [2].
From other hand, some variants of theories with additional extra dimensions (see, for example [5, 6] and references
therein) give the possibility to have non-zero neutron electric charge. In any case, the improving of accuracy of the
neutron electroneutrality veriﬁcation seems to be rather interesting and important.
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2. Method description
The main idea of this approach is to use the spin interferometry technique, which is realized in SESANS (spin-echo
small angle neutron scattering) installations, see for instance [7, 8].
The principle of such interferometer is shown on ﬁg.1. The installation consists of two regions K1 and K2 of
magnetic ﬁeld with inclining edges. Magnetic ﬁeld in the ﬁrst region is opposite in direction to the second one. Such
regions can be organized by diﬀerent ways: with parallelogram magnet poles, with current coils of appropriate form
or with system of two resonant coils, placed on some distance between.
Fig. 1. Scheme of the experiment
Neutron beam polarization P is directed perpendicularly to guiding magnetic ﬁeld B ‖ Z by the π/2 spin-rotators,
which are not shown in the ﬁgure. As a result, the neutron wave function can be written in form
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where ϕ0 - neutron spin direction in azimuthally plane. Hereinafter let’s consider P parallel to X-axis (ϕ0 = 0).
Then, the spatial splitting of neutron wave onto two eigenstates with diﬀerent projection of spin on magnetic ﬁeld
takes place in the ﬁrst coil K1 with inclining magnetic ﬁeld edges. The value of spatial splitting Δx is proportional to
magnetic ﬁeld and can be varied by changing the current in the coil. After passing through the working area these two
eigenstates are coupled back with the second coil K2, which has the same parameters as K1, but opposite in magnetic
ﬁeld direction. The phase of the interference pattern, i.e. azimuthal spin direction on the exit of K2 is deﬁned by
phase diﬀerence of two neutron eigenstates, accumulated in working area.
Then, let’s apply the inhomogeneous spatial distribution of some potential Vsr(x) in working area. In this case two
neutron eigenstates with opposite spin direction will pass through this area with diﬀerent kinetic energies. And the
phase diﬀerence between these two eigenstates will be
ϕsr = (Vsr(x0) − Vsr(x0 + Δx))/ · τ, (2)
where τ is the time of neutron stay in Vsr(x) potential.
As a result, the neutron wave function on the exit of coil K2 will be
ψout =
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Polarization vector of passing neutron beam Pout can be deﬁned as
Pout =
< ψout |σ|ψout >
< ψout |ψout > , (4)
where σ are the Pauli matrices.
As a result we have:
Px = cosϕsr, Py = sinϕsr, Pz = 0. (5)
If an electric potential VE(x) = E0 · x is applied in working area then the spin rotation angle will be:
φe =
E0qnΔx

· τ (6)
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where τ is the neutron time-of-ﬂight through the working area (τ = LE/vn = LEλnmn2π ), λn is the neutron wave length,
mn and qn are the mass of the neutron and it’s electric charge.
The value of spatial splitting Δx in a spin interferometer is deﬁned as [7]
Δx =
μB
E
l tan θ0 (7)
where l is the K1 and K2 coils length, θ0 is the angle between the neutron velocity and normal to coil edge, is the
value of magnetic ﬁeld inside the coil, μ is the magnetic moment of neutron and E is it’s energy. Finally, the angle of
spin rotation due to neutron charge will be equal to
φe = E0qnlLEB tan θ0γ
λ3nm
2
n
8π33
, (8)
where γ is the neutron gyromagnetic ration.
Numerical estimations show, that under the conditions (B = 0.1T, LE = 1m, l = 1m, E0 = 100 kV/cm, tan θ0 = 10,
λn = 30Å)
φe = 7 · 1016 en. (9)
where en = qn/e is the neutron electric charge in elementary charge unit. If the measured accuracy is Δφe  10−5 then
the accuracy of neutron electric charge measurement will be σ(en)  1.4 · 10−22 of elementary charge that is about
one order better the modern accuracy [1].
3. Method improvement by Laue diﬀraction in a perfect crystal
The proposed method can be essentially modiﬁed by using the neutron Laue diﬀraction in a perfect crystal. The
idea is the next.
Fig. 2. Symmetrical Laue diﬀraction in perfect crystal. j(1) and j(2) are the neutron ﬂuxes for two direction of incident beam. Here for simplicity
we consider trajectory of single Bloch wave exited in crystal.
There is a well known eﬀect of diﬀraction enhancement when a small variation of the incident beam direction
leads to a considerable deﬂection of a neutron trajectory inside a crystal, see ﬁg.2. The neutron in the crystal changes
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the momentum direction by the angle of Ω (by several tens degrees) while the incident neutron beam deﬂects by the
Bragg width (within a few arc seconds)
Ω = Δθ · E
2vg
, (10)
where Δθ is deviation if neutron direction from the exact Bragg condition, E is the neutron energy, θB is the Bragg
angle of diﬀraction and vg is the amplitude of g-harmonic of neutron interaction with the crystal. There is a proposal
to utilize this eﬀect for investigation of gravitational properties of a neutron falling in the Earth ﬁeld [9]. This eﬀect
was ﬁrst exploited to measure the neutron prism refraction in the two crystal scheme diﬀraction [10]. The same
phenomenon occurs if not the direction but the neutron energy is changed according to
Δθ =
ΔE
2E
tan θB. (11)
This feature was used in measurement the neutron wave length change in a magnetic ﬁeld [11].
Here we propose to use such eﬀect to increase the value of neutron splitting in a magnetic ﬁeld. The scheme
of experiment can be the next, see ﬁg.3. Two crystals are placed into the magnetic ﬁeld with opposite direction,
therefore, we will get about the same experimental scheme as the SESANS technique, only with crystals which are
used as ampliﬁer of neutron refraction in the magnetic ﬁeld.
Fig. 3. Idea of the experiment using neutron Laue diﬀraction. Two perfect crystals are placed into the opposite sign magnetic ﬁeld
The value of neutron splitting in this scheme will be
ΔxL =
μB
2vg
L sin θB. (12)
One can see that this value is about Kg = E/vg times more than for the standard SESANS technique (7). The mean
value of Kg for the cold neutron diﬀraction is ∼ 105. For instance, the value of ΔxL for (220) plane of silicon and (100)
plane of quartz crystals 10 centimetre length and Bragg angle θB = 650 can be ∼ 10μm and ∼ 25μm correspondingly
for the B = 1 G.
4. Demonstration experiment
A simple test of possibility to measure a small phase shift by the SESANS technique was done at the WWR-M
reactor (PNPI, Gatchina). We use the quartz crystal prism with the vertex angle about 1570 to incline the neutron
beam. The parameters of the setup were the next: neutron length wave was 2.3 Å, magnetic ﬁeld B was up to the
800 G, θ0 = 450, length of the coils l was about 50 cm. Therefore, the splitting of neutron beam Δx reached about
200 nm. Technique of the experiment was similar with the one described in [8]. Value of phase shift due to refraction
in prism is equal to
Δϕr =
V0
E
2π
λ
Δx tanα, (13)
where V0 and 2 · α are the mean potential of neutron interaction and the vertex angle of prism. The results are shown
in ﬁg. 4, 5. One can see a good agreement of the theoretical and experimental dependencies shown in 5.
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Fig. 4. Dependence of the polarisation on a value of rotating coil current for two quartz prism orientations (1) and (2) relatively the neutron beam.
Fig. 5. The phase shift dependence on a value of magnetic ﬁeld in main coils.
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5. Conclusion
New approach to test the neutron electroneutrality is described. It is based on using spin interferometer technique
realised in the SESANS apparatuses. The sensitivity of the proposed technique can be ∼ 10−22 e, that is about one
order better the current accuracy [1]. The possibility to modify and improve the method accuracy on a few orders based
on a neutron Laue diﬀraction in a perfect crystal is proposed. The demonstration experiment to test the possibility to
measure phase shift caused by neutron refraction in media was done. The results fully coincide with the theoretical
expectation.
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